The richness of endemic species is often recognized as an indication of the distinctiveness of certain local faunas and is used for the definition of conservation hotspots as well. Faunas of different animal taxa were considered in sets of contiguous geographical units. Comparing the faunas of different units in one set, we found an exponential increase in the number of endemics when plotted against the number of non-endemics. A model of independent stochastic population dynamics under the control of environmental oscillations produces random fluctuations in the ranges of species. Ranges of endemic species are supposedly narrower than ranges of co-occurring non-endemic species. In such a case, the flow of a random process leads to an exponential relationship between numbers of co-occurring endemic and non-endemic species. This process also produces an apparent positive correlation between total species number and the percentage of endemics.
Introduction
The species composition of a fauna of some taxon in a certain territory poses the question: why these species and not others? According to long-lived tradition, the answer is found in the geological history, physical environment, and inter-species relations. All these are considered as the prerequisites to the ecological and evolutionary processes (Mayr 1972 ). An alternative approach recognizes the absence of differences among species with respect to their environmental requirements and emphasizes dispersion abilities of individuals (Hubbell 2001) . This neutral theory is based predominately on studies of vegetation and tests of the theory failed in some instances (McGill 2003; Graves & Rahbek 2005; Wootton 2005 ) and were successful considering rain forests and coral reefs (Volkov et al. 2007 ). The last result was predicted by Williamson & Gaston (2005) . The correct testing of any related theory requires well-defined quantitative characters suitable for comparison of the real picture with the theoretical expectation. Species abundance is suitable for studies of communities. The presence or absence of certain species in a defined area is the material of faunistic studies. The species richness and the level of endemism might then be useful. The richness of endemic species is often recognized as an indication of the distinctiveness of certain local faunas and used for the definition of conservation hotspots as well.
The species richness of a fauna is not a constant. Persistent spontaneous species turnover leads to temporal change of the lists of species and total species richness (Gaston & Blackburn 2002; Magurran & Henderson 2003; Ulrich & Ollik 2004) . A random process describes well similar changes (Vilenkin 2006) . Disappearance of some species in a part of species range means zero abundance at that moment in that area and the corresponding shrinkage of the species range. Endemism is reported usually as the percentage or proportion of endemics in total species number of certain taxon in a defined area (Anderson 1994; Emerson & Kolm 2005) . Such an evaluation is incorrect when a curvilinear correlation exists between the numbers of endemics (E) and non-endemics (NE ), since the percentage of endemics depends on total species richness in such a case. Vilenkin & Schileyko (1979) found the exponential regression of E by NE studying the faunas of the land snails of the Suborder Pupillina (Order Geophila of Gastropoda, Pulmonata) in the territory of the former USSR. The same exponential regressions are confirmed in similar studies carried out on two families of beetles in the Levant (Eastern Mediterranean) (Vilenkin & Chikatunov 1998 , 2000 and on freshwater fishes of Iran (Coad & Vilenkin 2004) . Lists of species belonging to every regression line differ among them-selves not more than random samples from the common pool of species. It is also found that the distribution of species by their range sizes fits the exponential model (Coad & Vilenkin 2004; Vilenkin & Chikatunov 2000) and the distribution of endemic numbers among subdivisions fits the Poisson's model (Coad & Vilenkin 2004) . These findings support the hypothesis of a random process (Cox & Smith 1971) , which means, in our case, random dispersion of species among zoogeographical units with permeable borders.
The aim of the present article is to search for the answer to the question: is the characteristic E-NE exponential relationship the result of a random process of species turnover? We study the possibility of generation of this relationship by exploring a model of random range fluctuations.
Material and methods
Lists of species and their ranges were determined in the course of the field research, study of museum collections and relevant publications, as described in our papers mentioned above. Maps are presented in these publications when necessary, as well as lists of geographical subdivisions in every case. Endemics are species restricted to only one of eight geographical subdivisions of territory studied in case of land molluscs (Vilenkin & Schileyko 1979) or to one of twenty discharge basins of rivers and lakes in case of Iranian fishes (Coad & Vilenkin 2004) . Studying the beetles, we considered as endemics those species restricted to the Eastern Mediterranean, and as non-endemics the species occurring outside this territory as well (Vilenkin & Chikatunov 1998 , 2000 . The entire Eastern Mediterranean territory is subdivided into twelve biotic provinces (Furth 1979) . We suppose that the ranges of E-species are narrower than those of NE -species, as this is in all examples above and in the model presented. The number of geographical units where the species occurs is the evaluation of relative range size of a species. The absolute range sizes are considered in the model.
The model was described in detail earlier (Vilenkin 2006) . A previous run through 1000 steps showed a stabilization of all parameters during the first 100 steps. Evolution of the range sizes is followed up through 200 time steps in the article presented here. At the beginning (t = 0), the range (x) of a given species equals 0. The tolerance T is assigned to the species. This is an evaluation of the level of adaptation of a given species to the environment in a time interval under consideration. Tolerance is the property of the species and it does not change with time. This value is constant in every species and differs among species composing different faunas, 0.3 ≤ T ≤ 0.99. The x-value is influenced by the external disturbance that is an evenly distributed random number: 0 ≤ (disturbance) ≤ 1. If the T -value is less than disturbance, x = 0; if tolerance exceeds or is equal to disturbance, xt = xt−1 + r(1) − r(2). Here r(1) and r(2) are positive, evenly distributed between 0 and 1 random numbers. Value of r(1) accumulates effects of birth rate and immigration, r(2) refers to mortality and emigration. Their difference may be negative (range shrinks) or positive (range expands). All three random numbers change independently with each subsequent time step. When this routine is accomplished through 200 time steps, all x < 0 are converted to 0, and all positive values are multiplied by a factor of 10. The resulting content of a cell, X, is a positive number between 0 and several tens. Each of the simulated faunas is assembled from the species with one T -value. These values are: 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.95, and 0.99. Assemblages of species insensitive to environmental disturbances having T = 1 are not considered since ranges of such species expand through all 1000 steps (Vilenkin 2006) . The table contains 200 columns, and this is the ultimate species richness of the fauna. All these species participate in the species turnover; however, the species richness is less at any moment. The number of the currently observed species depends on the T -value.
Eleven random samples containing different numbers of cells are taken from the 200 th row. The numbers of Eand NE -species is determined in each sample. E-species are those with ranges less than one-tenth of the greatest range in this row. This matches the condition that the ranges of E-species are relatively narrower than these of NE -species. Our method of determining endemics, as species with narrower ranges, does not contradict the common practice. The area of endemism is determined usually as the minimal number of cells of a spatial grid, which contains a large number of endemics (Laffan & Crisp 2003) . The ultimate number of endemics in this row, Eu, is determined. The scatters of the E-NE plots are approximated in two ways. The testing approximations are:
The absolute term A0 is necessary only if it diminishes residual variance significantly. ANOVA tests show two cases when it is significant. Using the Quasi-Newton method, we could obtain different sets of a, b, and c parameters yielding equally high correlations between observed and expected values. The relation: a/b equals asymptotic E-value, and we compare this relation with the respective Eu for choosing the reliable set of parameters.
Results
A graph of the E-NE relation in genera and species of Pupillina snails is shown in Fig. 1 . The seven points represent zoogeographical units of the Mediterranean sub-region of the Palaearctic, and one represents the Far East point belonging to the Sino-Manchurian subregion of the Palaearctic. All eight form the regression on the generic level. The Far East and the mountains of Central Asia fall out of the regression on the species level. The Far East is excluded as belonging to another zoogeographical system, and Central Asia is represented on the territory studied only by a small part of the huge mountain system. This part is separated from the other units under consideration by arid and semi-arid areas, which are unsuitable for Pupillina snails. The six remaining units (five points on the graph since data on species from European steppes and the Altai Mts coincide) form the regression. The species of Scarabaeoidea beetles of the eastern Mediterranean form two exponential regressions (Fig. 2) . Each of these regressions unifies the series of contiguous biotic provinces (Vilenkin & Chikatunov 2000) . Four provinces fall out of the series. These are the Yezreel Endemics -non-endemics relations Table 1 . Four points omitted, see text.
Valley and the Central Coastal Plain; the natural habitats in both of them are heavily destroyed or absent due to human activity. The former experienced soil cultivation over millennia, the latter is the densest populated and contains an alternation of urban settlements, farms and industrial zones. The two remaining points represent Mount Hermon which is the southernmost point of the large Anti-Lebanon ridge, and the Sinai Peninsula, which is considered here as one unit but its subdivision into four parts seems more appropriate from the point of view of the beetle zoogeography (Furth 1979 ). Table 1 . Three points omitted, see text. Table 1 .
rivers and lakes draining to the Caspian Sea and exponent B unify those draining to the Tigris River. The three points falling out of the regressions are placed in the southernmost part of Iran and they are likely more related to the river systems lying outside the area studied (Fig. 3) . The distribution of E and NE species of the genus Aeletes Horn, 1873 (Coleoptera, Histeroidae) in Hawaii is studied. Endemics are restricted to one island. Data are extracted from a checklist of Hawaiian Arthropods (Bishop Museum 2002) . The list contains 53 species of this genus; the occurrence of 5 species is not explicitly indicated. Fig. 4 is based on the occurrences of 48 species. The parameters of all the above regressions are presented in Table 1 . The two last cases are important because the zoogeographical units are the drainage basins and the islands. Thus the borders are Explanations: * A 0 = 3.85; ** A 0 = 1.00 Table 2 . Parameters of equations describing E-NE relations in modelled faunas. Explanations: T -species tolerance; Eu -observed numbers of endemics in whole modelled fauna; n -number of samples in exponential approach. Total number of samples is 11 in each run. Table 2 .
drawn not by an investigator's preference, but are set by nature.
A similar E-NE plot of a modelled fauna is shown in Fig. 5 . The adequacy of both the exponential and the S-shape approaches are exemplified in this graph. The exponential regression is sufficient when each sample contains a relatively small number of species. The S-shape approach is required when more abundant samples appear. Such abundant samples refer to enormously large territories containing numbers of species commensurable to the total richness in the whole area studied. Table 2 shows parameters of the nine modelled assemblages composed of species with different tolerances (T ). It is seen that values of T and E u are correlated: R = 0.840, P < 0.01 as well as E u and a/b: R = 0.933, P < 0.01. The last correlation evidences the reliability of the sets of parameters of the S-shaped equations.
Discussion
Species turnover is reported mostly in terms of local extinction and colonization. Gaston & Blackburn (2002) refer to numerous publications concerning these phenomena in various sites and taxa, and their main attention is paid to birds. Fluctuations of range size in birds depend on their dispersion ability, which correlates with density of population and size of the bird. Böhning-Gaese et al. (2006) report similar conclusions. Chikatunov et al. (1999 Chikatunov et al. ( , 2004 ) gave a detailed example of species turnover of beetles in several permanent sampling sites in a mountain area of Israel. The 178 species of beetles were recorded through all six years from 1995 to 2000. Occurrences of the remaining 629 species varied between 1 and 5 years. Magurran & Henderson (2003) presented data on 21-years long survey on marine and estuarine fishes near a power station in the Bristol Channel, U.K. 31 species occurred during 10-21 years, occurrence of the remaining 49 species was restricted to 1-9 years.
A single crossing of a zoogeographic border resulting from turnover or other causes is not enough to in-clude a new species into the fauna. This may be illustrated by targeted or accidental introduction of fish species and engineering in basins. Mina (1992) compared faunas and zoogeography of freshwater fishes on the territory of the former U.S.S.R., as they were in a natural state and as they were after enormous engineering projects and species introductions in the second half of the last century. It is notable that only 44 species and forms out of 86 introduced ones appeared as established populations at new places. This was accompanied by a broadening of areas of some undesirable species. Numerous data on introductions of insect species (Sutherst 2003) referred to successful and to unsuccessful outcomes, too. The probability of survival of an invading species in a new area diminishes quickly with time (Wonham & Pachepsky 2006) . Expansion of the range of an invader sometimes requires multiple invasions enriching the gene pool of the population (Roman 2006) . The well documented and numerous failures of introductions and the low probability of longterm survivorship of a species at a new place, allow the supposition of the necessity for long-operating species turnover for faunistic change. Most lists of species of regional faunas accumulated data of records for many years. It seems plausible that the presence of some species in such lists may appear for a short time only. Absence of these species during subsequent censuses in this area may give the impression of their disappearance due to human impact and other external causes. Only species whose ranges are restricted to physically isolated areas, preventing exchange with other territories, are subject to ultimate extinction coinciding with local disappearance. This is well illustrated by the data of Rodrigues (2006) . The tables in Supporting Online Material show that the absolutely predominant part of the extinct species of birds was restricted to distant oceanic islands or chains of islands.
The discussed E-NE relationships being presented as a regression of E by NE numbers actually reflects an outcome of the species turnover process, and the true dependent and independent variables are absent. Positive correlation between the proportion of endemics in a fauna and the total species richness is observed and considered as an evidence of the accelerating speciation in rich faunas (Emerson & Kolm 2005) . A preliminary note is that such an approach may be incorrect since the presence of both values (E and NE ) in both variables tends to the apparent correlation when the true correlation between actually independent variables (E and NE ) is absent. Positive correlation between proportion of endemics and total species richness may be observed if E-number increases faster than NE -number, as in the case of exponential E-NE relations. Such correlation results from species turnover, and the endemics having small ranges are the new species and relicts as well. An illustration of such an interpretation of the data of Emerson & Kolm (2005) is shown in Fig. 6 . Here the samples from different runs of the model are placed in one plot with coordinates x = ln(N E + E) and Our field data presented above relate to compact territories or a chain of not-distant islands. Observed E-NE relationships do not work on a worldwide scale (Vilenkin & Chikatunov 1998 ) since species turnover among distant chains of oceanic islands and among continents is negligible. The model has a significant disadvantage: insensitivity to the biogeographic status of the sample. The field data presented above are sensitive to the position of a unit within a biogeographic hierarchy and to the representativeness of a small sample from a large geographic unit. Improvement of the model seems desirable since widely discussed hotspots of endemism do not usually have certain biogeographic meaning (Prendergast et al. 1993; Gaston 2000; Lamoureux et al. 2006 ). Recognizing such hotspots as target sites of conservation might distort natural species turnover, which support the dynamic appearance of a fauna. Conservation efforts would be more effective in this respect when they aim at entire faunas of some territory, as suggested by Mina & Golubtsov (1995) . Species turnover among subdivisions of a large fauna may better support dynamic stability of species composition.
